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(54) Multi-cell stent with cells having differing characteristics 



(57) A multi-cell stent has a stent structure with at 
least two different types of cells, including a first type of 
cell and a second type of cell. Each type of cell prefer- 
ably accomplishes a different purpose. For example : a 
first type of cell (1 1 ) can provide a maximum radial rigid- 
ity after stent deployment. A second type of cell (1 2) can 



provide increased longitudinal flexibility priorto stent de- 
ployment and after stent deployment into a main artery. 
The second type of cell can be readily balloon expanded 
at the ostium of a side branch artery to a comparatively 
large diameter without breaking any of the struts of the 
stent cell. With this combination, for example, unob- 
structed blood flow into the side branch can be provided. 
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Description 

The present invention is an expandable stent insert- 
able into a vessel of a human body for the purpose of 
creating and maintaining the patency of that vessel. 

Some of the earliest stents were merely helical coils 
that expanded radially outward after being placed in a 
vessel oi a human body. More recent stents have used 
uniform cellular structures with the stent typically being 
expanded radially outward into a vessel by means of a 
balloon located at a distal portion of a balloon angi- 
oplasty catheter. After radial expansion, some of these 
stents have struts or wires that tend to block a side 
branch artery which comes off a main artery into which 
the stent has been placed. With an expandable balloon, 
it is possible to break open a strut of a particular cell of 
such a stent where the struts of that cell are impeding 
blood flow into that side branch. However, breaking 
open such a cell can leave strut ends protruding into the 
lumen of the side branch or the main artery itself which 
is highly undesirable. Also, breaking a cell open weak- 
ens the stent structure. 

According to an aspect of the invention, there is pro- 
vided a multi-cell stent having a stent structure with at 
least two different types of cells, including a first type of 
cell and a second type of cell. 

Each type of cell preferably accomplishes a differ- 
ent purpose. For example, a first type of cell can provide 
a maximum radial rigidity after stent deployment. A sec- 
ond type of cell can provide increased longitudinal flex- 
ibility prior to stent deployment and after stent deploy- 
ment into a main artery, the second type of cell can be 
readily balloon expanded at the ostium of a side branch 
artery to a comparatively large diameter without break- 
ing any of the struts of the stent cell. With this combina- 
tion, for example, unobstructed blood flow into the side 
branch can be provided. 

Preferably, an embodiment of this invention pro- 
vides a stent in which one type of cell has enhanced 
radial rigidity after stent deployment and a second type 
of cell provides increased flexibility prior to deployment 
and after deployment that cell can be balloon expanded 
into a generally circular shape thereby causing all stent 
struts to be moved away from the opening of a side 
branch of a main artery. 

In a particularly preferred embodiment of the inven- 
tion, cylindrical segments of the stent are made up of 
only one type of cell of the multi-cell stent. 

These and other important objects and advantages 
of this invention will become apparent from the detailed 
description of the invention and the associated drawings 
provided herein. 

Exemplary embodiments of the invention are de- 
scribed hereinafter, by way of example only with refer- 
ence to the accompanying drawings, in which: 

FIG. 1 is across-sectional view of a main artery with 
a prior art stent deployed with partial blockage of the 
side branch. 



FIG. 2 illustrates one embodiment of the present in- 
vention represented as a flat, 2-dimensional plan view 
of a multi-cell cylindrical stent prior to deployment. 

FIG. 3 shows a 2-dimensional representation of the 
s cylindrical stent of FIG. 2 as it would appear after de- 
ployment. 

FIG. 4A illustrates a deployed multi-cell stent placed 
in a main artery with some stent struts partially blocking 
a side branch artery. 
10 FIG. 4B illustrates the deployed stent of FIG. 4A 
with an inflatable balloon advanced over a guide wire 
and into the side branch artery. 

FIG. 4C shows the balloon of FIG. 4B expanded so 
that the stent struts are pushed away from the ostium of 
15 the side branch artery. 

FIG. 4D shows the guide wire and balloon removed 
with the stent struts no longer blocking the ostium of the 
side branch artery. 

FIG. 5 is an enlarged cross-sectional view looking 
20 down the side branch artery at section 5-5 of FIG. 4A. 

FIG. 6 is an enlarged cross-sectional view looking 
down the side branch artery at section 6-6 of FIG. 4D. 

FIG. 7 is a 2-dimensional representation of an alter- 
native embodiment of the present invention in which a 
25 multi-cell, pre-deployed stent has three cylindrical seg- 
ments of special expandable cells placed at the center 
of the stent. 

FIG. 1 shows a prior art stent 1 that has been de- 
ployed radially outward into a main artery 5. The stent 

30 1 has many struts (or wires) 2, and specifically, strut seg- 
ments 3 and 4 of two such wires 2 have been deployed 
in such a manner as to partially obstruct the ostium or 
mouth of the side branch artery 6. This condition has 
been termed "stent jail". Because of the obstructing po- 

35 sition of the segments 3 and 4, blood flow into the lumen 
7 of the side branch 6 is compromised. Furthermore, the 
wires 3 and 4 can block the passage of a second stent 
from entering the lumen 7 of the side branch 6. One em- 
bodiment of the present invention as shown in FIG. 2, 

40 is a pre-deployed cylindrical stent 1 0 as it would appear 
if it were cut longitudinally and then extended out into a 
flat, 2-dimensional configuration. It should be clearly un- 
derstood that the stent 10 is in fact cylindrical in shape, 
which cylindrical shape would be obtained by rolling the 

45 fiat configuration of FIG. 2 into a cylinder with all points 
"A" joined to all points "B". The stent 1 0 is typically fab- 
ricated by laser machining of a thin-walled, cylindrical, 
stainless steel tube. 

The stent 1 0 has exactly two different types of cells: 

50 namely, structural cells 11 and special expandable cells 
12. Both these cells are formed from vertical struts 13 
each having two curved end sections 17, each end sec- 
tion being joined to a diagonal strut 1 4. Some of the ver- 
tical struts 1 3 are joined with horizontal H-bars 1 5 which 

55 form part of the perimeter of the cells 11 . and some of 
the vertical struts 13 are joined by undulating S-struts 
16 which form part of the perimeter of the expandable 
cells 12. 
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FIG. 3 is a 2-dimensional representation of the cy- 
lindrical stent 10' after deployment; i.e., after radially 
outward dilatation. FIG. 3 shows how the pre-deployed 
stent 10 of FIG. 2 is configured after deployment to the 
stent 10' shown in FIG. 3. FIG. 3 also shows the de- 
ployed structural cells 1 1 the deployed special expand- 
able cells 12', the vertical struts 13', the diagonal struts 
1 4' the curved end section 1 7', the H-bars 1 5 and the S- 
struts 16. Neither the H-bars 15 nor the S-struts 16 
change shape when the stent 1 0 is deployed to form the 
stent 10'. 

It should be noted that both the cells 1 1 and 1 1 1 and 
12 and 12' are formed into ring-like circumferential, cy- 
lindrical segments with (in this case) exactly five cells 
per cylindrical segment. Typically a multi-cell stent 
would have at least three cells per cylindrical segment 
disposed circumferentially, and all cylindrical segments 
are one cell wide in the longitudinal direction. From ei- 
ther FIG. 2 or FIG. 3 it is clear to see that the stent 10 
or 10' has exactly 8 cylindrical segments of structural 
cells 11 and 3 cylindrical segments of expandable cells 
12 or 12'. 

Prior to deployment, the S-struts of the stent 1 0 pro- 
vide greatly enhanced longitudinal flexibility for the stent 
10. This allows for easier placement of the stent 10 
through highly curved coronary arteries. FIGS. 2 and 3 
clearly show that the H-bar 1 5 is much shorter in length 
as compared to the S-strut 16. Therefore, the perimeter 
of the cells 1 2' is significantly longer that the perimeter 
of the cells 1 1 '. Therefore, as compared to a cell 1 1 ', not 
only is it easier to expand a cell 1 2' by placing a balloon 
within that cell and inflating that balloon to a high pres- 
sure : but any cell 12' is also expandable to a greater 
diameter as compared to any cell 1 1 '. Ideally, the perim- 
eter length of the expandable cell 1 2 ' should be at least 
10% longer than the perimeter length of the cells 11'. 

FIG. 4A shows the stent 10' deployed into a main 
artery 5 with two of the diagonal struts 14' blocking the 
lumen 7 of the side branch 6. It should be noted that the 
struts 1 4' would be part of the perimeter of an expanded 
cell 12'. A guide wire 20 can be placed through the ex- 
pandable cell 12', and the guide wire 20 can then be 
advanced into the lumen 7 of the side branch 6. As 
shown in FIG. 4B, a balloon angioplasty catheter 30 can 
then be advanced over the guide wire 20, through the 
expanded cell 1 2\ and into the lumen 7. As seen in FIG. 
4B, the balloon 32 is placed mostly into the side branch 
6, but it also extends partially into the main artery 5. A 
liquid at a pressure of at least 3 atmospheres, (but typ- 
ically 10 to 16 atmospheres), is then injected into the 
balloon 32 which causes it to become the inflated bal- 
loon 32' as shown in FIG. 4C. The inflated balloon 32 
causes longitudinal displacement of the diagonal struts 
1 4' so as to form the struts 1 4" which become part of the 
newly shaped stent 1 0" both as shown in FIG. 4C. Fur- 
thermore, the inflated balloon 32' causes the perimeter 
of the expandable cell 1 2' to assume a generally circular 
shape without the breakage of any strut. The balloon 32' 



is then deflated, and the guide wire 20 and balloon an- 
gioplasty catheter 30 are removed from the side branch 
artery 6 and the main artery 5. The stent 10" then ap- 
pears as shown in FIG. 4D. It should be pointed out that 

5 the balloon 32' can not only move struts so as to "unjail" 
a side branch, but the balloon 32' can also perform bal- 
loon dilatation of any stenotic narrowing at or near the 
ostium (or mouth) of any side branch artery into which 
the balloon 32' is advanced. 

10 For the sake of clarity, FIGS. 4A, 4B, 4C and 4D 
show only those parts of the stent 10' and 10" that are 
located at the center of the main artery 5. 

FIG. 5 is a cross-sectional view looking down the 
side branch artery 6 showing the portion of the stent 1 0' 

15 that has been deployed into the ostium of the side 
branch artery 5. Note that the S-strut 16 has not 
changed in shape when the stent 1 0 is deployed into the 
main artery to form the stent 10'. Although the cell 12' is 
more open that the cell 12, the diagonal struts 14', the 

20 vertical struts 13' and the S-strut 16 each can cause 
some blockage of the ostium of the side branch artery 6. 

FIG. 6 is a cross-sectional view looking down the 
side branch artery 6 after the balloon 32 has been inflat- 
ed to form the balloon 32' and the balloon angioplasty 

25 catheter 30 has been removed. Only that portion of the 
stent 10" which is positioned at the ostium of the side 
branch 6 is shown in FIG. 6. It is easily seen that virtually 
all of the struts that were shown in FIG. 5 to be blocking 
blood flow to the side branch artery 6 have been moved 

30 aside. Specifically, the diagonal struts 14' have been 
moved away from the center of the ostium of the side 
branch to form the struts 14", and the S-strut 16 has 
been moved aside to form the S-strut 16'. Therefore, 
blood flow to the side branch artery 6 is improved, and 

35 one could then readily place another stent (not shown) 
through the ostium and into the lumen 7 of the side 
branch artery 6 in order to treat an ostial stenosis (not 
shown). 

FIG. 7 shows a 2-dimensional view of a pre-de- 

40 ployed stent 40 which is a second embodiment of the 
present invention. Like the stent 10, the stent 40 is ide- 
ally suited for placement at the ostium of a side branch 
artery. The stent 40 has three circumferential cylindrical 
segments of the special expandable cells 43 placed at 

45 the longitudinal center of the stent 40. All other cells of 
the stent 40 are structural cells 42. Having three cylin- 
drical segments of special expandable cells 13 at the 
center of the stent 40 has the advantage of requiring 
less accuracy for the placement of the center of the stent 

50 40 at a side branch artery. 

The fact that both the stents 10 and 40 have cylin- 
drical segments in which all the cells of one segment 
are identical makes it possible for the stent implanting 
physician to place a special expandable cell at a side 

55 branch without requiring any knowledge of the stent's 
angular position about the stent's longitudinal axis. This 
would not be the case if there was more than one type 
of cell in a cylindrical segment. 
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Although the description herein has been applied 
only to the vessels that are arteries, it should be under- 
stood that the apparatus and method described herein 
could also be applied to other types of vessels of the 
human body such as bronchial tubes in the lung or the 
bile duct in the liver. 

Various other modifications, adaptations, and alter- 
native designs are of course possible in light of the 
above teachings. Therefore, it should be understood at 
this time that within the scope of the appended claims, 
the invention may be practiced otherwise than as spe- 
cifically described herein. 

Claims 

1. A multi-cell stent having a stent structure with at 
least two different types of cells including a first type 
of cell and a second type of cell. 

2. A multi-cell stent according to Claim 1, wherein 
each type of cell accomplishes a different purpose. 

3. A multi-cell stent according to Claim 1 or Claim 2, 
having a structure integrally formed as a thin-walled 
cylinder, the stent having a multiplicity of cells each 
having a closed perimeter formed from thin, wire- 
like struts and curved sections and each cell having 
two longitudinally separated ends, the perimeter of 
at least some of the cells of the multi-cell stent in- 
cluding a pair of vertical struts extending in a gen- 
erally circumferential direction and being longitudi- 
nally displaced each with respect to the other at the 
longitudinally separated ends of each cell, each ver- 
tical strut having two curved end sections each be- 
ing joined to a diagonal strut thereby forming a pair 
of diagonal struts connected to the two curved end 
sections of each vertical strut, at least one cell of 
the multi-cell stent being an expandable cell forming 
said first type of cell, which includes within its pe- 
rimeter at least one undulating strut, the undulating 
strut being adapted to provide increased longitudi- 
nal flexibility to the multi-cell stent and each expand- 
able cell having a longer perimeter length as com- 
pared to the perimeter length of a cell of at least one 
other type of cell, forming said second type of cell, 
of the multi-cell stent. 

4. A stent according to Claim 1 or Claim 2, adapted for 
placement at a side branch artery of a main artery 
of the human body, the stent structure being in the 
general form of a thin-walled cylinder consisting of 
a multiplicity of cells, each cell having a closed pe- 
rimeter consisting of a series of wire-like struts and 
curved sections which are integrally joined together, 
the stent having a first type of cell whose perimeter 
includes at least one undulating strut adapted to in- 
crease the stent's flexibility, the perimeter of the first 



type of cell being greater in length as compared with 
the perimeter length of a second type of cell of the 
stent, the stent also having a longitudinally cen- 
tered, center section wherein at least one cylindrical 
s segment is located, each cylindrical segment at the 
stent's center section consisting of at least three of 
the first type of cells placed circumferentially and 
being one cell wide in the longitudinal direction. 

10 5. The stent of any preceding Claim, wherein there are 
not more than two different types of cells which 
make up the multi-cell stent. 

6. A stent according to any one of Claims 1 to 5, 
15 wherein an undulating strut of the first type of cell is 

an S-strut which provides the stent with additional 
longitudinal flexibility prior to stent deployment, the 
S-strut also providing additional perimeter length for 
the first type of cell as compared to the perimeter 
20 length of the second type of cell. 

7. A stent according to any preceding Claim, wherein 
the first type of cell has a perimeter length that is at 
least 10% greater as compared to the perimeter 

25 length of the second type of cell. 

8. A stent according to any preceding Claim, wherein 
the second type of cell is adapted for increasing 
post-deployment radial rigidity and the first type of 

30 cell is adapted to be expanded to a generally circu- 
lar shape by means of an inflatable balloon that is 
placed through the closed perimeter of the first type 
of cell, the balloon being inflated within that the first 
type of cell to a pressure exceeding three atmos- 
35 pheres. 

9. A stent according to any preceding Claim, wherein 
the stent consists of a multiplicity of cylindrical seg- 
ments, each cylindrical segment consisting of only 

40 one type of cell, each cylindrical segment having at 
least three cells disposed circumferentially and be- 
ing one cell wide in the longitudinal direction. 

10. A stent according to Claim 9, wherein the stent has 
45 at least one cylindrical segment of the first type of 

cells which cells are adapted to be expanded to a 
generally circular shape by means of an inflatable 
balloon that is placed through the closed perimeter 
of the first type of cell and then inflated within that 
50 cell to a pressure exceeding three atmospheres. 

11. A stent according to Claim 9 or Claim 10, wherein 
the stent has at least three cylindrical segments 
consisting of only the first type of cells. 

55 

1 2. A stent according to Claim 1 1 , wherein the stent has 
a longitudinally centered, center section into which 
three adjacent cylindrical segments of the first type 
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of cells are located. 

1 3. A stent according to Claim 1 0, wherein the stent has 
a longitudinal axis and the inflatable balloon has a 
longitudinal axis and the inflatable balloon is placed £ 
through one of the first type of cells with its longitu- 
dinal axis placed approximately perpendicular to 
the longitudinal axis of the stent. 
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